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JIJl-§; i:*r ^fl2i y o Vl ^ {Manufacturing method of semiconductor device having 

high efficiency} 

£ l^r LED 5] f£t ?V^*1 M-E^-^a a>a]h ( 

51 2^r ^2fl£| LED 3] #^*| M-B}-^ #^51, 

£ 3a ^1*1 £ 3e^r -g- ^aHH rcfs. ^> ^flS^-l: M-^M ^ 

51, 

51 4-b -*^HH ^5L^1 ^flS^I ^*fl *fl2:€ Q ^^^lS. 
A-^ LED^ A>AlH, 

*1 LED^l ^Si. 



31, 


41, 51 ; 7l^r 


33 ; 


^fll^-Si^ 


35 


; v\s-EL%- 






39 




39a 




42 


; GaN t^slf^ 


43 ; 


n-GaN# 


44 


; n-AlGaN^ 


45 ; 

i 


InGaN^ 


46 


; p-AlGaN^ 


47 ; 


p-GaNir 
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48, 58 ; # 



52 ; 



49, 59 ; 

53 ; >Hl^l- 



54 ; 



56 ; ^ l-efl^f^ 



55 ; 



57 ; *fl25^1- ^S^f 1 



<18> ^Hfl «J]^ LEDCLight Emitting Diode)^ %Q<L£- UV-LED1- £M 

^.^5.7} LED^ ^JL^ ^5^^ ^-^-S. <£3^ $X^. GaNTfl 

2|-^"§- ^>H^7> ^SRr ^3*} Jf^^-O.^ <?1^ t^^H^d 



(threading dislocat ion)°l ^ M-nW-fetfl, ^#o] ^e^ofl ^ 



$_o]s\o] w]^-^- ^2i^ (non-radiative recombination center)J°S. 7l^^-o_S.^ 
M^jL-ir-^ *\ *}*] ^ $14. ^^lS. InGaN ^M3f^ In fe^r Ir-^r LED =L 



<19> 



H LED^l ^-f °ltHtr 4^ iL5l7} s]JL In ^ 

UV-LED^l ^^MItt ^^r^- Jiul5]jL XI 4. 

^sfl LED^ ^l2:7l#o 1 l^ 3 7p 0 >^ 1:^^11- ^SM^ ^7] ^ GaN ^ 
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^4 £^M9^-§- S^SHM 4*fl A1N, AlGaN, InGaN, ZnO, SiC f-4 4#f^ 4~§-44 
4, iMefli# ^ cffi'at ^^l^lfe y o v ^^r *>-8-*Ka &4. S^r 

ELOGCEpit axial Lateral Overgrowth), PENDEO, LEPS ^ ^ -^^M: d l-§-*r<*l ^3 
^4 <j§^i- Q±r ^*Kr y o V ^-8: 4~§- tb4. 

<20> £ l^- ELOG* <>l-S-44 ^^-Al^l LED* iL<y aM^o]:!! £. 2^- ^-<Hl-4 

<2i> £. i ^ j£ 2» %^*>^, 71^(11) ^Hl *fllGaNfKl3H 3^4^- n. *\] 
lGaN^(13)4 <aj.sf ^Hl^H ^(0)4 ^4*^ 444^ 4^3.^ 

(15)^1 ^M5^ols 44 o_s. ^44, 44 4lGaN#(13) ^ 4^^(15)4 ^°\] 4 
2GaN^( 17)^1 4 ^#€4. 

<22> a>4o]4 714(11)4 *fllGaN^(13) a>o]^ 3^ Jf^o.^. ^lg-(D) 

4 4^£1^(13H 4444 ^ £^14 44 ^°1 ^4 W^, ^ 

f-(D) # 4^3.^(13)4 5-^44 ^^Hr ^f-^r 4^3. #(15)4 S^H^ p }i3f 
(15)# 44 3. ^ y o v ^S ^44 -^tr4. 4^3.^(15)4 <#^r ^44 *^fl 
#^-£-5. 44-4^ ^f-^r 4^3.^(15)4 ^4^44 44 44 ^4 44°.^ 4 
444. 0 1^4 44 ^*fl 4^3#(15)4 ^4°H4 4^f444 ^<*-g; ^ 

^^o] <qj\) 4 4 ^^-SL-ir^l ^^SLS. ^7}^ ^ &4. 

<23> 444, ^EflS] ELOG 44 44^£r 4^3^(13)4 4°H 4^3fKl3)°l 

.2.^4 ^^4^ 444 ^443S. 4^3^(13) 44 444 ^44 « 0 v#sl ^ 4 

4JL-§:4 ZL 4 ^44 444 4*3444 ^-i; 444 4?14 44 443°-5. 44 

Jia^ S-^Y 7>44. LED 444 4^4 ^4» 4^4^r 3^5. 34 
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#^sl Ir^^lS. 9in ^£lir ^-Sr ^ito <3*H^r ^ *11^ y o v, tH 

[^ol o] JL7.} 7}^ 
<24> -g- ^^o] ol=LjL*}sKr A^ 7 A 4^1^ ^2fl &*H^ ^ 

<25> 7l#^ ^^1-71 3l*H ^^r, 

<26> 7l^r #<Hl, afll^^, n>^£i^ ^rf-t- ^rfl^. 3f^Hr ^1^1; 

<27> #7l ^^S^H M"^ 371^ Jr-g^ ^ ^#£|^ ^ ^V2|-1-^AS- 

<28> #7l 3.^°} #7l ^l^^lf^ A o V 7l ^ ^##^8: 

p}iHS «H #7l p}iaf# ^l^Wb 43^:741; 
<29> # 7 1 =4p #s|-§-^ ^) 7\ is\kr ^H^Tfl ; * 

oo> #71 n}iaf ^ ^l^-^lf 1 ^ #^<>11 ^2^£^l#-i: f^Kr *fl5#7ll ;» 

<3i> #71 jL^r^r 10nm 500nm 371^1 7}*l^r ?H h>^*H, *l*H ^3^1 

50% olvflsl ^-H- ^^tils. H#*>^- ?A°] w}^^>cf. 
<32> #71 v}^3.%-& 50nm ifl*l 500nm^ ^}S. ^^*>fe «>^"^^. 

<33> #7l ^lMVH^fl^ #71 71^:4 ^7} #^7> #ol^>Cf. 
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<34> ^7} 7]&-£r si, SiC, MgAl 2 0 4 , NdGa0 3 , LiGa0 2 , ZnO, MgO» SlNrRr 

^7l# GaP, GaAs* i^Hr ffi-V^ s*^-# #£*H , 5£^r GaN-ir 3L^*Hr 

<35> *fll £ X|2^rH^^ S^^l, 4>7l ^s}-# «>H^fe 

GaN, InGaN, AlGaN, AlInGaN, Sfe InGaNAsS. I^t *r Xl^. 

-n-^l-^^r fl-i, -t>2}- ^eh, XlSa^-S- i^H, ^^^r 1200 °C 

o]A o voj 0.^0. ^o.^>H, 3^ -f^o.s. H^V^ 53 °1 y>sj-^*>4. 

<38> a- ^-^^ AA0( Anodic Aluminium Oxide) °l-8-*V°i v\^3.%^ 

<40> £ 3a vfl*l £ 3e^r 4^ <3*ll*Hr ^3 ^*HH #51*fl ^> 

<4i> £ 3a ofl 44 ^-o] ) 71^(31) ^ia>£^l^(33)^- ^**>J1 ^ # 

-fofl p>^3#(35) ^, ^^(39)* ^tfls. 7l^-(31)iLS-^ ^>3il- 0 H, ^ 
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s]^(Si), ftSHf-iCSiC) , ^^ , i(MgAl20 4 ) ) NdGa0 3 , LiGaO 2 > ZnO, MgO# ~A 

§}-^#(GaN)# 2L^-*}*r ^^-#^1 #5^1 t 5(1^. <^7H, p> 

^3.^(35)4 ^#(39) a>°H Ti f-S] 7B7flAl^ p>^^^(35)31- ^##(39) 

<42> cf^- £ 3b^] , ^#(39)# °<J^&3M^ M-^ 3.71^ i-iro] 

cj-^ Bfllsl^ ^ ^l-^(39a)^r ^#(39)^.5.^ ^3. t^-^^-o] a}-§- 

£)t^ t^ c l¥t ^^KanodizingH^ <&-?-*l M-S ^SM*}^ S^^-S.^-^ M-lc 
3.71^1 Jl-iro] t}^ ^^€4. ^H, 4^ 371^ lOOnm 7}*|5. 

< 43 > £ 3c ^ M-^vfl^-cfl, =4? ^V5t-#^(39a)^- 4^3S *H 

^(35)^- ^4=- #3|-«-#(39aH Ji^o] *fll#:£*fl^(33)^ 

<44> £A] Aiz}-^ ^ jf. =4* ^^M^ ^Ti^, £ 3d<=Hl 

^o] ^liaVS.^l^(33)3l M-i^^Bl* 7>*lfe (35) #^-§}7fl €4. 

p>i3L^(35).2.S^ ^^r, to^l ^ SK^l, ^fl- 

i(Si0x), ^SJ- fl-^i(SiNx), El^(TiOx), #3- *l=i2^-(Zr0x) ^ 

^. ^ o]&ltb 1200°C°1^ -g-^-i: 7M^ El^-di), ^^€(W)3f ^ 

jl-g-^ o]^.^ ^ o^cf. 

< 45 > v\^EL%-(35) ^ ^1*K£«(33)^ -tf-fofl 4^1 *H2*K£*llfK38)^: ^aM^ £ 

3 e ofl ti><4 ^-ol tils^l 4i^>7> ^^4. M-^^fl^-i: 7>*1^ n>^a.#(35)* 4 
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i3S «H ^2«>£^^(43)^ *H#*Hr ^3 -S^-Sr a7l^^ 4^- 

^ ^l^^r *r 5£tb, M-i^H^l *H2«h£*ll^(43)^- <S#*H 

*M ?) ^ ^-f, Tfl^^l^o] iE e |A o]^ j^sH^ tils^l 

^ Si 1 }. *fll ^ *H2«KE.*ll^(43)-£-5.fe GaN^l- ^ ^5.^1* 

oi-g-^- ^ sa°-M-, tiv^^l 4ix>^ f^Ml 4^ °l-§-^r 7 A°]^\r. 

^l2tiVi^l# (43)^1 ^-^ofl^ SKE-Sflf^l 4tS *r 7 i°l4. 

< 46 > £ 4^ 5. 3a ifl*l £ 3e°ll ^tjHHl £]*fl 4^ Q 

LED^ ^-S* M-E^ *«fl A>Al£olt).. 

<47> ^2^1, A>s)-olc>| 71^(41) #*fl GaN tH^^(42)ol ^ , GaN 

^3^(42)^) ^ ti fl<gs} Si0 2 #(40)°l ^E^^H 

5a^. Si0 2 #(40)£) tf^oflfe n-GaN^(43)°l ^S\^], T>}iHfAS^ Si0 2 #(40H 
£|sfl 71^(41)4 GaN ^3]#(42)^ Tfl^H ^3^1 ^31^ t^^H^o} ^^-o] cq*f| 

^-^^l-Tfl ^i*Vcf . n-GaN^(43)^1 ^^tt = n-AlGaN# 

(44H, InGaN#(45H, ^ tHflHfAS p-AlGaN#(46H ^ 

#5-H , n-GaN#(43)^ ^H^^ *i^-(48H ^^^^1, p-AlGaN#(46)^ 

<48> GaN *1 2^(42):4 n-GaNf^(43) ^}°H1 ^H*l*Kr Si0 2 #(40Hl ^*fl ^^7> 

GaN ^3lfK42)-4 n-GaN#(43) *M<*fl v}^3.%-°-3-*\ Si0 2 ^(40)^- tifl^^^joi^, v}^ 
n-GaN#(43)4 n-AlGaN^(44) Tfl^^S ^^1^ ^ 5U , ^- ^ ^ ^ 
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A>ol<Hl£. ^ 5£t|-. n>^3#-i: ^ a>5L^l# A}o-|o] ^jigofl sflE-^ 

SAi u)-^ <y=A>^ °l-g-*Kr LED3] ^r^£°l^. 

^(55)^1 M-^ ^^^1-^(50)^- ^ti^S ^l]£t 

^ ^c}-. <^ 7 ]A^ t^^i 51-& 7l#, 52fe ^3]^, 53£r ^ll^tt <3K£^, 56^: # 
^ #efl^, 57^ ^]2^1- *K£3lf% 58^ 59 fe 

<51> I^S] ^AHlofl 4s tiV^^l ^> ^ls^^^l ^*fl ^V^-ir 7>*lfe 

0_5l Ol-Lo^}^ ^.f ; ^-^7}^ <#7>^ xflofl S^lfe ^7>^ ^7> *H ^ 

^ ^ ^<y-o.s.£ «o v #^i^ <r ^l^n ^ va S€ ^ safe -s^-fr 

<52> ^-7]^- Ai^^ ^ A^j-O] ^^!^O.S 7l^ S\ o] $X°-^, 

^^Kr 7A°}^y]M, Vyg^-Q ^Hl^l ^H^Ai Sfl^O^ *Vcf. 
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1=1-. ^1^1 3*M ^ 6 W^- ^ ^ "P" 

^3Hl 7)^ A}a o H] ^^>c^^o> ^j-cf. 

jlJl^-sI «K£*fl 4i^>l- «r Sd^Hr ?H4. 



19-12 



1020030004106 ^ °^> : 2003/2/10 
1] 

^H, ^iw>5L^l# ( v}^3.^ ^, 3#*Hr *iU#3l; 
«H s&7) 4i3ft *H3#31; 

#7l ^ #s|--§-^ *fl7l*Hr ^4#7fl ; ^ 

2] 

^■71 jL-t-gr lOnm vfl^l 500nra 3.7] Q\ 7}t]±± ^ ^$°-S. ^ «VE*fl i 

7,} ^2:^. 
[^T 1 * 3] 

tiV£^] ±7\ 7\}^*g. 

4] 

*)1 1 1H 9l°]*\, 
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^7} v\^EL%-£: 50nm tfl^l 500nm^ ^MIS ^^Kr ^ 

5] 

4 1 *M 5a<H-H , 

6] 

#7} 7]^ ^^H^, si, SiC, MgAl 2 0 4 , NdGa0 3( LiGa0 2 , ZnO, Mg0« i^*}^ 
^-7l# 4^, GaP, GaAs* 5L^*Rr m-V^ W# , GaN# i^Kr 

I^^ 1 " 7] 

*fl 1 %H1 5a°H , 

8] 

^7] GaN, InGaN, AlGaN, AlInGaN, InGaNAs 91 

3. *Kr t&S.*fl ^2:^. 
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9] 

*)1 1 1H $a°H, 

al£^l ^7} 2flS«o V ^. 
10] 

^ 9 %H1 5a<H*1, 

#7l cj-^ til£^#-^ i^tj^ i&^r cf^^ ^J* ^ *}±= 

11] 

211 9 %H1 

^•71 -^^#^^r ^>5|- fl^, ^>5h ^1 s.3^<?] ^ 

51*11 ^7|- ^w 0 >^ . 

[^^%1 12] 

211 9 %H1 

^■71 ^£ 1200°C°1^ -8-^# 7>^1^ ^ s^jos oV^^l i4 2112:^ 

13] 

^1 12 %H1 9X°]*), 

^7} Hi El ^AgO S ^ ^ *>fe «li^l 7112: 
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*n i %hi 5a*H^, 

[^T^ 15] 

*fl 1 5a°H, 

[^T 1 * 16] 

#7l n}^£i^a| M-^ If vfl^ ^S^^M-fr 3 ^^Rr 5Jf ^ 
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